22 23 24 Summary statement: We apply a thermal performance curve approach to a variety of fitness 25 related parameters in a reef building coral across its geographic range and various functions to 26 improve our understanding of the inherent variability in thermal tolerance.
Introduction 54
Evidence that anthropogenic climate change is impacting the natural world continues to documented, and mean coral coverage of 26.9% (Guzman et al., 2005) . Long-term temperature 140 records from shallow fringing reef systems within the Bocas del Toro Archipelago monitored from 141 1999-2004 document an annual mean seawater temperature of 28.5°C, ranging from a mean of 142 25.9°C in Jan-Feb to 29.7°C in Sept-Oct (Kaufmann and Thompson, 2005) . 143 Located at approximately 32°N, 64°W, 1049 km (652 nm) southeast of Cape Hatteras (US 144 central east coast), Bermuda's sub-tropical coral reefs represent the northernmost shallow-water 145 reef system in the Atlantic Ocean (Figure 2 ). Annual reefal temperatures across the shallow reef 146 platform (3-18 m depth) range from 15-30°C (Coates et al., 2013; Locke et al., 2013a) , which 147 allows a variety of tropical marine organisms to live in this region, including 38 hermatypic and 148 ahermatypic scleractinian coral species (Locke et al., 2013b) . Bermuda is markedly cooler, 149 however, than typical Caribbean reefs. For example, during the wintertime, on average, inshore 150 SST is 8°C cooler in Bermuda than Panama (Figure 2 ). Maximum temperature in the summer is 151 also >1°C lower in Bermuda than in Panama. Importantly, this has led to minimal impacts of coral 152 bleaching in Bermuda (Cook et al., 1990) . Orbicella spp. has been a dominant reef building coral in the Caribbean since at least the 155 late Pleistocene (for ~1.2 million years) (Aronson and Precht, 2001) . The Orbicella spp. complex 156 has a broad geographic distribution across the western Atlantic, ranging from Brazil in the south 157 to Bermuda in the north (Budd et al., 2012) and is a vital component of Caribbean reefs. The
158
Caribbean has warmed at a rate of 0.27°C per decade between 1985 and 2009 (Chollett et al., 159 2012), causing mass mortality of Orbicella via bleaching and infectious-disease outbreaks (e.g., 160 Bruckner and Hill, 2009; Weil, 2004) . O. franksi is, therefore, an ideal coral for our study given 161 its abundance in both Panama and Bermuda, its reef-building role, and its recent listing as 162 threatened under the U.S. Endangered Species Act. were collected from the reefs at Crawl Cay on Nov. 25, 2017, which sits on the ocean facing side 170 of the archipelago between Isla Bastimentos and Isla Popa (9° 14' 37.8"N 82° 08' 25"W; Figure   171 2), at a depth of 5-10m. This site was selected based on its distance from the mainland and the 172 town of Bocas del Toro, in order to minimize the impacts of terrestrial runoff and nearshore 173 anthropogenic impacts, and to more closely reflect the conditions of the rim reef collection site in 174 Bermuda. Bottom seawater temperature at the time of collection was recorded on a Shearwater Oxygen was measured every second in the coral chambers and blank chambers. Fragments were 195 exposed to nine light levels generated by LED lights hung above the chambers Aquarium LED, OceanRevive): 0, 31, 63, 104, 164, 288, 453, 610 , and 747 µmol m -2 s -1 in 197 Bermuda and 0, 22, 65, 99, 210, 313, 476, 613 , and 754 µmol m -2 s -1 in Panama. Light levels were 198 determined by an underwater cosine corrected sensor (MQ-510 quantum meter Apogee 199 Instruments, spectral range of 389-692 nm ± 5 nm). in Bermuda (24, 26, 27, 29, 31, 32, 34, 36°C) and eleven temperatures in Panama (26, 27, 28, 29, 235 30, 31, 32, 33, 34, 35, 37°C) . Temperature was controlled to ±0.1℃ by a thermostat system (Apex
236
Aquacontroller, Neptune Systems) using a chiller (AquaEuroUSA Max Chill-1/13 HP Chiller) and 237 heaters (AccuTherm Heater 300W). Rates of oxygen flux were extracted following the methods 238 described above and gross photosynthesis (GP) was calculated as the absolute values of net 239 photosynthesis plus dark respiration.
240
In Bermuda only, we also measured light and dark calcification across the seven 241 temperatures. Calcification rates were calculated using the total alkalinity (AT) anomaly technique 242 (Chisholm and Gattuso, 1991). Water samples (N = 3 replicates) for AT were collected in thrice 243 rinsed, acid washed 250 mL Nalgene bottles from the temperature-controlled seawater prior to 244 incubation and then again from each chamber (both corals and blanks) after the 60 min incubation.
245
AT samples were immediately preserved with 100 µL of 50% saturated HgCl2. AT was analyzed accuracy of the titrator was always less than 0.8% off from the standard and the precision was <5 250 µmol kg -1 between sample replicates.
251
Because calcification from the alkalinity anomaly is the sum of all calcification and 252 dissolution processes in the coral, all exposed skeleton on the corals was covered with parafilm 253 immediately prior to measurements to minimize dissolution of the carbonate framework. Light and 254 dark calcification rates (µmol CaCO3 cm -2 h -1 ) were calculated using the following equation:
where ΔAT (µmol kg -1 ) is the difference in AT between the initial and post incubation sample (note: nutrients were assumed to be minor in an hour incubation, making it unnecessary to account for 263 nutrient concentrations in the alkalinity anomaly. Salinity was also measured in the pre-and post-264 incubation water samples (~37 psu), but no evaporation was noted: the chambers were airtight. 265 We present our results as net calcification (NC = light calcification + dark calcification). and dclone (Sólymos, 2010). We ran three parallel chains of length 2.5M, with a burn-in of 2M, 289 and a thinning parameter of 1/2000 to account for high autocorrelation in the chains, leaving a total 290 of 13,500 samples for inference.
291
We assessed convergence by checking all trace plots, ensuring that all chains were well- values, which are based on comparing the discrepancies between observed and simulated data.
297
Bayesian p-values for the mean, standard deviation, and coefficient of variance for all models were 298 between 0.49 -0.53 (close to 0.5), indicating that differences between observed and simulated data 299 are likely due to chance. Lastly, we plotted our observed versus predicted data from the model 300 simulations and they were in close agreement (Fig S5-6 ).
301
For our numerically generated posterior samples, we report median values with two-tailed Figure 4 ; Figure S7 ). The Panama population also 315 had higher GP rates overall. At the reference temperature (27℃) the log(x+1) GP rate was 0.24 316 µmol cm -2 hr -1 higher (0.13 -0.32 µmol cm -2 hr -1 [95% BCI]) in Panama than Bermuda (Figure 4 ; 317 Figure S7 ). Panama corals also had a marginally steeper deactivation energy (Eh) than Bermuda 318 corals, meaning GP drops out more quickly in Panama once it reaches its thermal optimum, but 319 the activation energy (E) was the same between the two populations ( Figure 4) . For dark respiration 320 comparisons between Panama and Bermuda see supplemental material ( Figures S2-4 ).
322
Differences in TPC parameters among organismal functions within a population 323 The TPCs among the three organismal functions tested (GP, Rd, and NC) were also 324 substantially different from one another ( Figure 5 ). In Bermuda, the general pattern in thermal 325 tolerance was Rd > GP > NC ( Figure 6 ; Figure S8 ). Specifically, Rd had the highest Topt ( Figure   326 S8) and was 0.67℃ (-0.4 -1.72 ℃ [95% BCI]) higher than GP and 1.69℃ (0.72 -3.02℃ [95%
327
BCI]) higher than NC ( Figure 6 ). While none of the CTmax values were statistically different from 328 one another, on average Rd still had the highest CTmax ( Figure S8) . GP had the steepest deactivation 329 energy (Eh) and was 3.15 (1.36 -5.27 [95% BCI]) and 2.92 (0.89 -5.07 [95% BCI]) higher than 330 NC and Rd, respectively ( Figure 6 ). None of the activation energies (E) were significantly different 331 from one another.
332
The GP:Rd and NC:GP ratios also varied by temperature (Figure 5b) Variance components in thermal performance metrics 339 Clone-level variation in TPC metrics was generally low ( Figure S9 ). Variance in b(Tc) due 340 to differences between populations was 3.6× higher than variance due to differences among clones 341 within a site. Similarly, variance in b(Tc) among the three organismal functions was 2.7× higher 342 than variance among clones. Our results indicate that populations with different thermal histories respond differently to 346 acute warming. Specifically, corals in Bermuda were less heat tolerant than those in Panama. Both
347
Topt and CTmax were greater for photosynthesis and Topt was also greater for respiration (note the 348 statistical significance of this difference was marginal). These observed differences in thermal 349 tolerance roughly match the difference in the average maximum summertime high at the two 350 locations (Panama maximum temperature is ~1.2℃ higher than Bermuda; Figure 2 ). Importantly, time (e.g., Baker et al., 2004; Boulotte et al., 2016) . Fifth, it is also possible that differences in the 370 coral-associated microbial community affect responses of host and symbiont to the temperature 371 treatments (Webster and Reusch, 2017) . While our study was not designed to tease apart the 372 relative contributions of these or other potential mechanisms leading to less thermally sensitive 373 genotypes at the warmer site, several studies have found evidence supportive of thermal 374 acclimation across spatial gradients (Howells et al., 2012; Sunday et al., 2011) .
375
In addition to differing thermal sensitivity among populations, we also found that there are 376 differences in thermal sensitivity among metabolic processes within populations. Specifically, GP,
377
Rd, and NC all had different thermal optima (Topt), rates of deactivation (Eh), and rates at a 378 reference temperature (b(Tc)) ( Figure 6 ). Different enzymatic machinery is utilized for each of 379 these traits (e.g., citrate synthase in respiration, RuBISCo in photosynthesis, and Ca-ATPase in 380 calcification), with some being specific to host or symbiont function. Therefore, in comparison,
381
we hypothesized a priori that holobiont respiration was likely to be less sensitive to temperature 382 than photosynthesis, which was supported by our data. Calcification was the least tolerant trait 383 with the lowest thermal optimum. Other coral studies have also demonstrated that calcification is 384 more sensitive to temperature than photosynthesis and respiration (though not using an explicit 385 TPC approach) (e.g., Al-Horani, 2005; Reynaud et al., 2003) . For example, at high temperatures,
386
Galaxea fascicularis in the Red Sea produced less O2 than it consumed (i.e. higher respiration than 387 
463

Model/Derived Quantities Equation
Modified Sharpe-Schoolfield for high temperature inactivation
Parameters Description
( ) Log rate at a constant temperature (µmol cm -2 hr -1 )
Activation energy (electron volts, eV)
ℎ Temperature-induced inactivation of enzyme kinetics past Th for each population (electron volts, eV)
Boltzmann constant (8.62 ✕ 10 -5 eV K -1 )
Tc is the reference temperature at which no low or high temperature inactivation is experienced (defined here as 300.15 K or 27℃) were back transformed before taking the ratio. Dashed horizontal line is at a GP:R = 1. Any value 551 <1 indicates that the dark respiration rate is higher than the gross photosynthesis rate. 
